Abstract:GPS-based attitude system is an important research field, since it is a valuable technique for the attitude determination of platforms. There exist two classes approaches for attitude determination using the GPS.
quatemion, directly into the GPS phase measurements equations 1 ' 1 • We will refer to the two approaches as the baseline and attitude approaches respectively.
For the first category, we must fmd the precise esti- 
For multiple baselines, the measurement equations for all the baselines can be combined :
where Y is the matrix whose columns are the DD code 
In the following section, we present two previous attitude determination algorithms which are pertinent to Vol.4 the research.
Two GPS-based attitude determination methods
Various methods of ambiguity resolution for attitude determination have been proposed in the literature. In order to make such a possible comparison, first we need to present two important integer estimation principles, the CLAMBDA method and the MC-LAMBDA method, which are both proposed by Teunissen.
1 The constrained LAMBDA method
The LAMBDA method has become the standard ARmethod for the majority of current GPS models. The method is numerically efficient, and it has been proven to provide the highest possible success rate. Due to the nonlinear constraint II b II = l in attitude determination , the LAMBDA method can not be used here.
Therefore the constrained LAMBDA method has been developed , it solves the nonlinear constrained GNSS model in a strict integer least-squares sense, so it includes the following three consecutive steps like the LAMBDA method:
( 1 ) First we disregard the integer nature of the ambiguities, adopt the least-squares ( 4) and obtain the so-called float solutions :
The v -c matrix of the float solutions is obtained by the inversion of the normal matrix N. 
where Q,,(,)l'(•) is the v -c matrix of s· (z).
The integer ambiguities are now estimated as the solution of the minimization problem.
(10)
The search for the integer minimizer ( 10 ) 
The constrained method achieves a higher performance due to the rigorous inclusion into the integer estimation process of the nonlinear constraint. Once baselines are determined in both coordinate systems , the sets of vectors are fed to TRIAD/ QUEST, or NLLSFit method which return the attitude rotation matrix.
2 The MC-LAMBDA method
We introduce an algorithm which solves for attitude directly using the carrier-phase measurements while applying the same optimization techniques from the baseline method. This method parametrizes the attitude using attitude matrix.
Application of the least-squares ( IS) estimation principle to model ( 6) , taking the constraints on Z and specting the constraints posed on the unknowns : ( 13) with ll·ll~=(·)rQ-'(·).
According to the equations ( 1 ) and ( 13 ) , the norm ( 13 ) can be decomposed into a sum of squares :
where @ denotes the Kronecker product. 
The inverse of this matrix is used as the weight matrix in the last term of equation ( 14) . Though the precision of k. ( Z) is higher than that of k., it is generally not orthogonal.
From the orthogonal decomposition ( 14) , it is clear that the minimization problem that has to be solved is: 
Once the integer ambiguity matrix Z was computed, the conditional rotation matrix R solution can be obtained as:
vec(R(Z)) =vec(R) -QuQi'vec(Z -Z) (18)
Application of the variance propagation law to ex- respectively.
The simulated data was assumed to be uncorrelated and normally distributed. We simulated two sets of data, which the noise levels are datal ( code: 15 em/ phase :3mm) and data2 (code: 9cm/phase :3mm) respectively. No multipath effect was introduced in the simulated observations.
2 Results and analysis
The two sets of data were processed with both the CLAMBDA method and the MC-LAMBDA method. We Table 2 The two sets of data solution results using the two methods The superior success rate performance compared to the one of the CLAMBDA method is due to the full incorporation of the nonlinear constraints into the integer estimation process, which are not only the baseline lengths , but also the relative orientations between the antennas. And all of these constraints about baselines Table 3 The success rate of ambiguity resolution for three baselines using the CLAMBDA method We know that the CLAMBDA method estimates the baselines separately , and then find the attitude, but the MC-LAMBDA method solves for all GPS integer ambiguities and the attitude matrix in an integral manner, so there are more unknowns to be solved, more computations are required.
Conclusion
We compared two kinds of approaches for GPS-based attitude determination using the CLAMBDA method and the MC-LAMBDA method. The two approaches were shown to perlorm more or less equivalently in terms of accuracy , once ambiguities are fixed. The method is that its process speed is lower than the baseline method , which need to be improved in the furture.
